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Abstract
We investigate the relations that must hold among baryonic Isgur-Wise functions in
the large-N
c
limit from unitarity constraints, and compare to those found by Chow us-
ing the Skyrme model. Unitarity requires only that the usual normalization conditions
hold at w = 1, and that the Isgur-Wise functions vanish away from threshold. These






QCD simplies greatly in the chiral [1], heavy-quark [2], and large-N
c
[3] limits (where N
c
is the number of colors). The Skyrme [4] model of heavy baryons [5, 6, 7] incorporates all of





. Since it has been conjectured that all parameter-independent Skyrme model predictions
can be derived just from large-N
c
unitarity constraints, we investigate what these constraints
alone can tell us about Isgur-Wise functions.
Our model-independent large-N
c
results turn out to be less powerful than Chow's Skyrme
model predictions. We nd that unitarity requires Isgur-Wise functions to vanish away from
w  v  v
0
= 1. This result is consistent with the prediction of Jenkins, Manohar and Wise




2 Baryon Isgur-Wise Functions




W is characterized by a single Isgur-Wise function, which
represents the overlap of the spin-0 light degrees of freedom (\brown muck"):
hL(v
0
)jL(v)i = (w) (1)

Q
is an isospin singlet (I=J=0).






W is characterized by two other functions, since in this
























can be treated together in the heavy quark limit, as a single \supereld" 
[9], since they dier only in the relative spin orientation of the heavy quark and the brown
muck.  is an isospin triplet (I=J=1).
The normalization of these functions at w = 1 is:
(1) = 
1
(1) = 1 (3)
Heavy quark symmetry makes no prediction for the value of 
2
(1).





(w) =  (1 + w)
2
(w) = (w) (4)













) and uses \east coast" metric g

= diag( 1; 1; 1; 1).
1
3 1-Loop Renormalization of (w)













, the term that it
multiplies must vanish at least as fast as 1=N
c
. The relevant piece is
h

























At threshold, this is consistent with the normalizations of eq. (3), but gives no additional
prediction. Away from threshold, it would be inconsistent with Chow's result, eq. (4), unless



















One might be tempted to use the renormalization of  ! 
0





calculated by Cho, to derive more relations. However, in the large-N
c
limit there exists an
I=J tower of states above the  and . In particular, the state with I=J=2 contributes
to the 1-loop renormalization of  ! 
0
W . It introduces 3 new Isgur-Wise functions [10,
eq. (2.26)], only one of which is normalized at w = 1. Thus no useful new information is
obtained.
4 Single Pion Emission












































































's are avor SU(2) generators. We used Cho's [9] Feynman rules restricted to
SU(2), so fi; j; kg 2 f1; 2g, and l 2 f1; 2; 3g; the group theory factor is just the Clebsch-
Gordan coecient h1; ; 1; 
0
j0; 0i. These rules automatically obey unitarity constraints for
























when contracted with any nal state 































. By contracting eq. (8) rst with a 4-vector X
satisfying v X = v
0
X = 0, and then with a 4-vector Y satisfying q Y = v
0
















The w-dependence of the second relation arises because as w ! 1, (v  Y ) vanishes like
p
w   1, so the constraint on g disappears.










) for (w   1) > 1=N
c
(10)













5 Double Pion Emission










(q)W , arises from the 3 diagrams of Fig. 3,
plus 3 \crossed" diagrams related by fl; pg $ fm; qg. As long as we restrict our indices to










































 p)(v  q)
(v
0




 q)(v  p)
(v
0


















































































Again, we cannot continue with n-pion emission because higher states in the I=J tower























(q)W (3 crossed diagrams not shown).
6 Conclusions













W ) in the chiral/heavy/large-N
c
limits. These are the only processes that do
not involve higher states in the I = J tower. In this diagrammatic approach, unitarity
requires certain constraints on the baryonic Isgur-Wise functions. At w = 1 we only nd
that (1) = 
1
(1), which holds just by heavy quark symmetry. Away from threshold (i.e. for
(w   1) > 1=N
c
) we nd the functions must all vanish at least as fast as 1=N
c
.
These unitarity constraints are consistent with, but not as powerful as, Chow's Skyrme
model relations [8]. In particular, unitarity constraints give no prediction for 
2
(1), whereas
the Skyrme model analysis predicts 
2
(1) =  1=2. The vanishing of all the 
i
away from
threshold is also consistent with the form   expf N
3=2
c
(w   1)g given in ref. [7].
We have shown that there are parameter-independent predictions of the Skyrme model
that cannot be derived just from large-N
c
perturbative unitarity constraints. To make such
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